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ABSTRACT 

Spectral data are presented for comets 2006 VZ13 (LINEAR), 2006 K4 (NEAT), 
2006 OF2 (Broughton), 2P/Encke, and 93P/Lovas I, obtained with the Cerro-Tololo 
Inter- American Observatory 1.5-m telescope in August 2007. Comet 2006 VZ13 is a 
new Oort cloud comet and shows strong lines of CN (3880 A), the Swan band se- 
quence for C 2 (4740, 5160, and 5630 A), C 3 (4056 A), and other faint species. Lines 
are also identified in the spectra of the other comets. Flux measurements of the CN, 
C2(Av = +1,0), and C3 lines are recorded for each comet and production rates and 
ratios are derived. When considering the comets as a group, there is a correlation of C 2 
and C3 production with CN, but there is no conclusive evidence that the production 
rate ratios depend on heliocentric distance. The continuum is also measured, and the 
dust production and dust-to-gas ratios are calculated. There is a general trend, for the 
group of comets, between the dust-to-gas ratio and heliocentric distance, but it does 
not depend on dynamical age or class. Comet 2006 VZ13 is determined to be in the 
carbon-depleted (or Tempel 1 type) class. 

Key words: comets: general - comets: individual: 2P/Encke - comets: individual: 
2006 K4 (NEAT) - comets: individual: 2006 OF2 (Broughton) - comets: individual: 
2006 VZ13 (LINEAR) - comets: individual: 93P/Lovas I 



1 INTRODUCTION 

The icy nature of comets indicate they have been preserved 
at cold temperatures since the early stages of solar system 
formation. Consequently, they are commonly considered to 
be among the most primitive objects in the solar system. De- 
termining their physical and chemical properties, and how 
they evolve, is important to our understanding of the for- 
mation of planetary systems, both our own and in general. 

Several surveys have attempted to study and clas- 
sify the chem i cal c omposition and evolution of comets. 
lA'Hearn et ail (|l995l ) conducted a photometric survey of 85 
different comets over almost 20 years. Their findings indi- 
cated two major classes of comets: those that are carbon- 
depleted and those that are not. They found nearly all mem- 
bers of the carbon-depleted class are Jupiter family comets 
(JFCs), although not all JFCs are carbon-depleted. They 
also reported little variation of relative production rates with 
heliocentric distance or apparition; however, they noted a 
correlation between the dust-to-gas ratio and perihelion dis- 
tance. 
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Thr ee major spectroscop i c surv eys have also been con- 
ducted: iNewburn fc Spinradl (1 1989h r e porte d spectropho- 
tometry of 25 comets; Cochran et al.l (| 19921) derived pro - 
duction rates for 17 faint comets; and lFink fc Hicks] (|l996l ) 
surveyed the spectra of 39 comets into infrared wave- 
lengths. The three surveys found slightly different results. 
INewburn fc Spinradl l| 19891 ) reported a correlation between 
CN and dust, and that the C2 /CN product i on rat io changed 
with heliocentric distance. ICochran et al.l ([1992), however, 
found the gas production ratios remained constant with ac- 
tivity level an d helio centric distance, except for NH2/CN. 
iFink fc Hick's! { 1996) concluded that most comets have 
roughly the same production rate ratios to within a factor 
of 2 or 3, although 10 per cent of comets could be considered 
outliers. 

More recently, iFinkl l|2009h presented a spectroscopic 
survey of 92 comets over approximately 19 years. They re- 
port four taxanomic classes of comets: typical, Tempel 1 
type, Giacobini-Zinner type, and the unusual object Yanaka 
(1988r). The typical comets have typical ratios of C2, NH2, 
and CN with respect to water, while Tempel-1 types have 
deficiencies in C2 but normal NH2 abundances. Giacobini- 
Zinner comets have low C2 and NH2 ratios with respect to 
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water, while Yanaka has no detectable C2 or CN emission, 
but normal NH2 abundances. They conclude that the Hal- 
ley family of comets (originating in the Saturn and Uranus 
region, but were scattered to the Oort cloud) shows no C2 
depletion, while objects originating in the Neptune region 
show a mixture of typical and C2 depleted objects. Comets 
originating in the classical Kuiper belt form the C2 depleted 
group. 

Come t 2006 VZ13 (LINEAR ) was discovered in Novem- 
ber 2006 l|Sponsetti et al.ll2006T l. and is a new Oort cloud 
comet which passed perihelion on 10 August 2007. This pre- 
sented a unique opportunity to observe a pristine comet as 
it passed perihelion. In addition, four other comets were ob- 
served with the same instrument and under the same observ- 
ing conditions: 2006 K4 (NEAT), 2006 OF2 (Broughton), 
93P/Lovas I, and 2P/Encke. These comets represent a broad 
range of dynamical class, age, brightness and heliocentric 
distance. This allows for a comparison of production rates 
and ratios between comets of different classes and ages. 

In this paper, spectroscopic observations are presented 
of five comets, obtained in August 2007. The production 
rates of CN, C2, and C3 are calculated, and the produc- 
tion ratios with respect to CN are derived. In addition, dust 
production rates and dust-to-gas ratios are calculated. 



2 OBSERVATIONS 

Observations of 2006 VZ13, 2006 K4, 2006 OF2, 2P, and 
93P were obtained during 2007 August 6-15 (UT). Table [Q 
lists the orbital parameters for each comet, and Table[2]sum- 
marises the observations. All observations were taken under 
photometric conditions, except for the second half of the 
night of August 14, which was partly cloudy. 

All observations were acquired with the Cerro-Tololo 
Inter- American Observatory (CTIO) 1.5-m telescope and R- 
C spectrograph. The spectrograph had a Loral IK 1200x800 
CCD with 15-^im pixels. A Bausch & Lomb reflection grat- 
ing was used with 300 lines mm -1 , a resolution of 8.6 A, and 
a coverage of 3450 A. A 2-arcsec slit was used for all obser- 
vations. Wavelength scales were approximately 3 A pixel -1 
from 3500 to 7000 A. The CCD spatial scale was 1.13 arcsec 
pixel -1 , with the length of the slit spanning 460 arcsec. 

Each comet nucleus was centred on the slit for the dura- 
tion of the exposure. All of the comets, with the exception of 
2006 VZ13, only covered a small area on the slit (on the or- 
der of the width of the slit). This is due to the objects being 
at large distances and having relatively small comae. Since 
2006 VZ13 covered the entire slit, this could have introduced 
errors in guiding and pointing of the telescope, potentially 
causing a misalignment of the nucleus on the slit. Great care 
was taken during the observations to track the object using 
the coordinates from the JPL database in order to minimize 
these errors. 

Bias and projector flats were obtained at the begin- 
ning of each night, and HeAr comparison lamp spectra were 
recorded before each new object. Images of the twilight sky 
were also obtained, and were used to partially correct for so- 
lar reflection. Standard star Feige 110 was observed to flux 
calibrate the comet spectra. 



3 DATA REDUCTION 

The data was reduced using IRAF dTodvl 119931 ) . For each 
observation date, the projector flats were examined to deter- 
mine portions of the chip that were not illuminated. These 
sections were trimmed from all images. The bias frames were 
combined and applied to each twilight sky flat, projector 
flat, lamp spectrum and object spectrum. The projector flat 
frames were then combined and applied to the sky flats and 
object spectra. 

One-dimensional spectra of each sky flat and object 
were extracted using IRAF's APALL tool, which traced the 
centre of the profile, corrected cosmic-ray hits, and sub- 
tracted the background sky near the edges of the slit (with 
the exception of 2006 VZ13, where the background sky cor- 
rection was taken from another image). Each spectrum was 
wavelength calibrated using a HeAr lamp spectrum. Spectra 
obtained of the same object on the same night were co-added 
to increase the signal-to-noise ratio. 

The combined sky flat image was subtracted from the 
cometary spectra to partially correct for solar reflection. 
This continuum correction was not perfect and, in general, 
left 10-20 per cent of the continuum. To compensate for the 
difference, the continuum of each comet was fit again with 
a cubic spline function and subtracted. 

The comet spectra were flux calibrated using spectra of 
the standard star, Feige 110. The star was observed several 
times per night at different airmasses. Using these observa- 
tions, the effective airmass and system sensitivity function 
were calculated, which was then used to calibrate the comet 
spectra. 

Fig.[T]shows the 2007 August 13 spectrum of 2006 VZ13 
with the emission lines labelled. Figs. |2]-[5]show the final one- 
dimensional, absolute-flux-calibrated spectra of each comet. 
All spectra are binned by nine pixels to improve the signal- 
to- noise ratio (excluding 2006 VZ13). 



4 ANALYSIS AND RESULTS 

The absolute flux is measured above the continuum of the 
CN, C3 and C2 emission features for each comet (see Tabled 
for parameters). The continuum flux is also measured to 
calculate the dust production rate. The measured fluxes are 
listed in Table H 



4.1 Gas production 

The most common proce dure to conve rt flux to a production 
rate is the Haser model (|Haserlll957i ). This model assumes 
the main excitation mechanism is resonance fluorescence, a 
spherical geometry of the coma, and an exponential decay of 
both the parent and daughter molecules. The fluorescence 
efficiencies (g) and scale lengths (l p and Id) are scaled by 
r ff 2 (where m is the heliocentric distance) for the produc- 
tion rate calculations. For CN, however, there is a deviation 
from the r^ 2 dependence due to the Swing s effect. This i s 
taken into account using the tables found in iTatuml (|l984h . 
The expansion velocity for all molecules is assumed to be 
1 km s , and the slit width is 2 arcsec. 

The error in the flux measurement is derived using the 
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Table 1. Orbital elements of the comets 



Comet 


a (au) 


e 


if) 


q (au) 


Q (au) 


Tj 


Perihelion Date (UT) 


Comet Class 2 


2P/Encke 


2.217 


0.847 


11.766 


0.339 


4.095 


3.026 


2007 Apr 19 


NEO 


2006 K4 


1805.756 


0.998 


111.333 


3.189 


3608.323 


-0.802 


2007 Nov 29 


EOC 


2006 OF2 


-3367.756 


1.001 


30.171 


2.431 


n/a 


n/a 


2008 Sep 15 


NOC 


2006 VZ13 


-4083.355 


1.000 


134.793 


1.015 


n/a 


n/a 


2007 Aug 10 


NOC 


93P/Lovas 1 


4.391 


0.612 


12.218 


1.705 


7.078 


2.605 


2007 Dec 17 


JFC 



1 All values are from the JPL Small-Body Database Browser; a is the semi-major axis, e is the eccentricity, i is 
the inclination, q is the perihelion distance, Q is the aphelion distance, and Tj is the Jupiter Tisserand parameter 
(given by Tj = aj /a + 2 cos i W a(l — e 2 )/aj ) . 

2 NEO = near earth object; EOC = evolved Oort cloud comet; NOC = new Oort cloud comet; JFC = Jupiter 
family comet. 



Table 2. CTIO observational parameters^ 



Comet 


Date (UT) 


A (au) 


r H (au) 


V (mag) 


Exp. Time (s) 


2P 


07/08/07 


00:16 


0.9400 


1.9114 


15.19 


3600 




07/08/07 


23:56 


0.9550 


1.9221 


15.30 


3650 




13/08/07 


01:30 


1.0381 


1.9781 


15.92 


5400 




14/08/07 


01:14 


1.0551 


1.9890 


16.04 


5400 


2006 K4 


07/08/07 


01:24 


2.6270 


3.3713 


15.75 


3600 




08/08/07 


02:08 


2.6364 


3.3681 


15.75 


3600 




13/08/07 


03:33 


2.6869 


3.3529 


15.78 


5400 




14/08/07 


03:04 


2.6977 


3.3500 


15.78 


5400 




15/08/07 


02:33 


2.7084 


3.3472 


15.79 


5400 


2006 OF2 


07/08/07 


02:53 


3.7934 


4.7860 


16.33 


3600 




08/08/07 


03:19 


3.7825 


4.7782 


16.32 


3600 




13/08/07 


06:32 


3.7316 


4.7382 


16.26 


5400 




14/08/07 


06:17 


3.7226 


4.7304 


16.25 


5400 




15/08/07 


05:06 


3.7143 


4.7229 


16.24 


5400 


2006 VZ13 


06/08/07 


23:14 


1.0207 


1.0175 


13.26 


1800 




07/08/07 


23:14 


1.0482 


1.0165 


13.32 


1800 




12/08/07 


23:22 


1.1866 


1.0159 


13.58 


3600 




13/08/07 


23:19 


1.2142 


1.0166 


13.64 


3600 


93P 


08/08/07 


06:03 


1.4603 


2.1451 


16.61 


7200 




15/08/07 


07:36 


1.3617 


2.1059 


16.38 


9600 



1 The date indicates the start time of the first observation of the comet; A is the 
geocentric distance, rjj is the heliocentric distance, and V is the total magnitude. 
The exposure time is the total of all observations on the given night. 



Table 3. Molecular parameters^ 



Molecule 


Wavelength Range (A) 


g (erg s 1 mol 4 ) 


l p (km) 


Id (km) 


CN (Ad = 0) 


3840 - 3900 


2.4 - 5.0 x 10~ 13 


1.3 x 10 4 


2.1 x 10 5 


c 3 


3950 - 4100 


1.0 x 10~ 12 


2.8 x 10 3 


2.7 x 10 4 


C 2 {Av = +1) 


4550 - 4750 


4.5 x 10~ 13 


2.2 x 10 4 


6.6 x 10 4 


C 2 {Av = 0) 


5000 - 5200 


4.5 x 10~ 13 


2.2 x 10 4 


6.6 x 10 4 


Continuum 


6230 - 6270 









1 g is the fluorescence efficiency (luminosity per molecule); l p and I a are the parent 
and daughter molecule scale lengths, respectively. All values are for ru = 1 AU, and are 
scale d by rj^ 2 (except for gcN, which also varies with heliocentric velocity). Values are 
from lA'Hearn et alj l ll995h . 
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Figure 1. Continuum-subtracted, absolute-flux-calibrated spectrum of comet 2006 VZ13, obtained 2007 August 13. Major emission lines 
are labelled. 
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Figure 2. Four continuum-subtracted optical spectra of comet 2P/Encke, obtained in August 2007. Spectra are offset by a factor of 
3.25 X 10~ 15 for clarity. Note the strong increase of the CN line on August 13. 



uncertainty of the location of the continuum. Various in- 
vestigators use different values for the fluorescence efficien- 
cies and expansion velocities, the uncertainties of which are 
poorly understood. Therefore, the errors in these parame- 
ters are not included in this analysis (as in lA'Hearn et al.l 
1 19951 ). 

For comets showing no emission in a given band, the up- 
per limit of the production rate is determined by measuring 
the zero-to-peak noise in the band an d multiplying by th e 
number of pixels across the band (as in lFink fc HickJ l996). 
For the C2(Au = 0) band, lines were visible for most comets; 
however, because of a large absorption feature within this 



line near 5100 A, the flux could not be measured precisely 
(except for 2006 VZ13). Therefore, only production rate up- 
per limits are quoted in this case. Table[S]lists the calculated 
production rates and ratios for each comet. The numbers 
in parentheses give the per cent error, which is the same 
per cent error found for the flux measurement. 

Comet 2P shows variability in CN production, includ- 
ing a very large increase on 2007 August 13, as is clearly 
demonstrated in Fig. [5] Variabilities on the order of day are 
not unreasona ble, as the lifeti me of CN molecules is approx- 
imately 10 s (|Cochranlll985T I. On 2007 August 13, there is 
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Figure 3. Five continuum-subtracted optical spectra of comet 2006 K4, obtained in August 2007. Spectra are offset by a factor of 
9.0 x 10 -16 for clarity. 
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Figure 4. Five continuum-subtracted optical spectra of comet 2006 OF2, obtained in August 2007. Spectra are offset by a factor of 
9.0 X 10" 16 for clarity. 



no large increase observed in the dust production, indicating 
the gas and dust production rates are not related. 

When considering the comets as a group, there seems 
to be a linear correlation between the production rates of 
C 3 , C 2 (A^ = 0) , and C 2 (Au = 1) with CN (as reported 
m ICochran| [l987'). There does not seem to be a correlation 
between the production rate ratios with respect to CN and 
heliocentric distance, indicating gas production remains con- 
stant in a given comet over a range of distances. However, 
because many of the production rate values are upper limits, 
these statements are not conclusive. 

The spectra of comet 2006 VZ13 can be compared to 



those in iFinkl (|2009h in order to determine its taxonomic 
class. The spectra match most closely with those of Tem- 
pel 1, and we conclude comet 2006 VZ13 is carbon-depleted. 



4.2 Dust production 

A proxy for the dust prod uction rate can be calc ulated using 
the expression derived bv lA'Hearn et all (|l984l ): 



Af 9 = 



(2Ar g 



I 2 Fx 



F, 



(1) 
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Figure 5. Four continuum-subtracted optical spectra of comet 2006 VZ13, obtained in August 2007. Spectra are offset by a factor of 
1.45 X 10 -13 for clarity. 
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Figure 6. Two continuum-subtracted optical spectra of comet 93P, obtained in August 2007. Spectra are offset by a factor of 6.0 X 10" 
for clarity. 



where A is the Bond albedo, / is the filling factor of the 
grains in the field of view, and p is the circular radius 
of the telescope aperture at the comet (cm). Fa is the 
mean cometary flux in the range of 6230 — 6270 A, and 
Fq is the solar flux in the same wavelength range (both 
in erg cm" 2 s -1 A" 1 ), calculated here using the values 
in lArvesen. Griffin fc Pearsonl l|l969l ) . The heliocentric and 
geocentric distances are in au and cm, respectively. If the 
cometary dust is assumed to flow away from the nucleus in 
a uniform manner, without breakup, acceleration, or darken- 
ing, then the qu antity Afp (cm) is proportional to the d ust 
production rate (|A'Hearn et al.lll984l ; Fstorrs et al.lll992t ). 



The continuum flux is measured in the range of 6230- 
6270 A of th e solar-corrected spectra, wher e there are no 
known lines (|Finklll994 iFink fc Hickslll996r i. The circular 
radius, p, is assumed to be half the width of the rectangular 
slit (1 arcsec). This approximation introduces a conversion 
factor of 7r/4, a small factor which has been ignored in the 
dust production calculation. 

Table [6] lists the dust production rate derived for each 
comet and the ratio to the production rate of CN. The 
per cent uncertainty in the continuum flux is calculated 
using the peak-to-peak noise in the wavelength range in 
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Table 4. Measured Fluxes. 



Comet T[j (au) F (erg cm 2 s 1 ) 







CN (%) 




c 3 (%) 






C 2 (%) 
Av = +1 






C 2 (%) 
Av = 




Continuum (%) 


2P 


1.9114 


1.43 x 10 


(2.2) 


1.25 x 10 


(19) 


< 


3.75 x 


10' 


-15 


< 


4.49 x 10 


-15 


6.81 X 10- 


-15 


(46) 




1.9221 


1.14 x 10~ 14 ( 


;0.44) 


7.33 x 10 -15 


(24) 


< 


2.65 x 


10' 


-15 


< 


2.28 x 10- 


— 15 


3.48 x 10" 


-15 


(49) 




1.9781 


n no i ci — 14 

y.Oz X 1(J 


(17) 


-i or* w in- 

< 1.86 X 10 


-14 


< 


6.29 x 


10' 


-15 


< 


5.98 x 10- 


-15 


5.25 x 10" 


-15 


(56) 




1.9890 


6.58 X 10 


(50) 


. -i fin ,, i fi 

< 1.98 X 10 


-14 


< 


3.98 x 


10' 


-15 


< 


5.53 x 10- 


-15 


8.21 x 10- 


-15 


(34) 


2006 K4 


3.3713 


< 1.33 X 10 


-14 


^ r-7 O A "in- 

< 7.84 X 10 


-15 


< 


5.46 x 


10' 


-15 


< 


7.07 x 10- 


-15 


2.45 x 10- 


14 


(7.1) 




3.3681 


< 2.26 X 10 


-14 


< 1.30 x 10 


-14 


< 


5.23 x 


10' 


-15 


< 


5.49 x 10 


-15 


1.86 x 10- 


■14 


(9.2) 




o.oozy 


< y.y4 X 1U 


—15 


^ i ok win 

< l.ZD X 10 


-14 


< 


2.63 x 


10' 


-14 


< 


1.38 x 10- 


-14 


3.98 x 10- 


-14 


(12) 




3.3500 


< 1.53 x 10 


-14 


< 1.40 x 10 


-14 


< 


1.86 x 


10' 


-14 


< 


6.84 x 10- 


-15 


3.03 x 10" 


-14 


(11) 




3.3472 


< 9.02 x 10 


-15 


< 1.21 x 10 


-14 


< 


5.91 x 


io- 


-15 


< 


5.42 x 10- 


-15 


3.23 x 10" 


-14 


(12) 


2006 OF2 


4.7860 


< 1.72 x 10 


-14 


< 2.26 x 10 


-14 


< 


1.66 x 


10" 


-14 


< 


1.10 x 10 


-14 


5.30 x 10- 


14 


(3.5) 




4.7782 


< 1.53 x 10 


-14 


< 1.69 x 10 


-14 


< 


1.40 x 


io- 


-14 


< 


1.11 x 10 


-14 


4.70 x 10- 


14 


(4.2) 




4.7382 


< 1.76 x 10 


-14 


< 1.82 x 10 


-14 


< 


3.12 x 


10" 


-14 


< 


2.88 x 10- 


-14 


8.88 x 10" 


14 


(5.9) 




4.7304 


< 1.50 x 10 


-14 


< 1.75 x 10 


-14 


< 


2.69 x 


10" 


-14 


< 


2.18 x 10- 


-14 


8.58 x 10" 


14 


(5.5) 




4.7229 


< 2.59 x 10 


-14 


< 1.82 x 10 


-14 


< 


2.99 x 


io- 


-14 


< 


2.05 x 10 


-14 


1.10 x 10- 


13 


(4.5) 


2006 VZ13 


1.0175 


2.58 x 10~ 12 


(10) 


1.74 x 10~ 12 


(53) 


1.69 x 10" 


-112 


(15) 


2.85 x 10~ 12 


(29) 


7.40 x 10" 


-14 


(11) 




1.0165 


3.20 x 10" 12 


(16) 


2.15 x 10" 12 


(48) 


1.77 x 10- 


-12 


(19) 


2.82 x 10~ 12 


(29) 


6.20 x 10- 


-14 


(16) 




1.0159 


4.47 x 10" 12 


(10) 


2.54 x 10" 12 


(46) 


3.42 x 10- 


-12 


(27) 


6.04 x 10~ 12 


(33) 


9.74 x 10" 


-14 


(20) 




1.0166 


4.46 x 10" 12 


(15) 


2.49 x 10~ 12 


(52) 


2.75 x 10- 


-12 


(28) 


4.83 x 10~ 12 


(30) 


9.01 x 10- 


-14 


(14) 


93P 


2.1451 


7.96 x 10" 15 


(35) 


< 6.98 x 10 


-15 


< 6.50 x 10' 


-15 


< 1.17 x 10 


-15 


1.04 x 10- 


-14 


(10) 




2.1059 


1.69 x 10~ 14 


(74) 


< 1.04 x 10 


-14 


< 5.22 x 10 


-15 


< 9.27 x 10 


-15 


2.46 x 10- 


-14 


(19) 



Table 5. Production rates and production rate ratios. 



Comet 


r H (au) 




log Q (molecules s 1 ) 






log Q-ratios 








CN (%) 


c 3 (%) 


C 2 (%) 
Av = +1 


C 2 (%) 
Av = 


C 3 /CN (%) 


C 2 /CN (%) 
Av = +1 


C 2 /CN (%) 
Ad = 


2P 


1.9114 


23.24 (2.2) 


23.23 (19) 


< 23.05 


< 23.13 


-0.011 (19) 


< -0.192 


< -0.113 




1.9221 


23.15 (0.44) 


23.01 (24) 


< 22.91 


< 22.84 


-0.142 (24) 


< -0.240 


< -0.305 




1.9781 


24.08 (17) 


< 23.47 


< 23.35 


< 23.32 


< -0.610 


< -0.739 


< -0.760 




1.9890 


22.95 (50) 


< 23.51 


< 23.16 


< 23.30 


< 0.559 


< 0.205 


< 0.348 


2006 K4 


3.3713 


< 24.15 


< 23.97 


< 24.15 


< 24.26 


< -0.179 


< 0.002 


< 0.114 




3.3681 


< 24.39 


< 24.19 


< 24.14 


< 24.16 


< -0.191 


< -0.249 


< -0.228 




3.3529 


< 24.04 


< 24.18 


< 24.84 


< 24.56 


< 0.149 


< 0.806 


< 0.526 




3.3500 


< 24.22 


< 24.23 


< 24.69 


< 24.26 


< 0.006 


< 0.467 


< 0.033 




3.3472 


< 24.00 


< 24.17 


< 24.20 


< 24.16 


< 0.171 


< 0.198 


< 0.160 


2006 OF2 


4.7860 


< 25.87 


< 24.90 


< 25.10 


< 24.92 


< -0.968 


< -0.768 


< -0.947 




4.7782 


< 25.82 


< 24.78 


< 25.03 


< 24.93 


< -1.045 


< -0.794 


< -0.894 




4.7382 


< 25.87 


< 24.79 


< 25.36 


< 25.33 


< -1.079 


< -0.510 


< -0.546 




4.7304 


< 25.80 


< 24.77 


< 25.29 


< 25.20 


< -1.029 


< -0.508 


< -0.599 




4.7229 


< 26.04 


< 24.79 


< 25.34 


< 25.17 


< -1.250 


< -0.701 


< -0.864 


2006 VZ13 


1.0175 


25.80 (10) 


24.86 (53) 


25.19 (15) 


25.42 (29) 


-0.938 (54) 


-0.607 (18) 


-0.380 (31) 




1.0165 


25.90 (16) 


24.96 (48) 


25.22 (19) 


25.42 (29) 


-0.942 (50) 


-0.681 (25) 


-0.480 (33) 




1.0159 


26.09 (10) 


25.09 (46) 


25.56 (27) 


25.81 (33) 


-1.003 (47) 


-0.532 (28) 


-0.285 (35) 




1.0166 


26.11 (15) 


25.10 (52) 


25.49 (28) 


25.73 (30) 


-1.011 (54) 


-0.625 (32) 


-0.380 (33) 


93P 


2.1451 


24.12 (35) 


< 23.26 


< 23.57 


< 22.83 


< -0.862 


< -0.551 


< -1.296 




2.1059 


24.46 (74) 


< 23.39 


< 23.44 


< 23.69 


< -1.070 


< -1.028 


< -0.778 



question. Comets with no CN line observed (2006 K4 and 

2006 OF2) have lower limits of the dust-to-gas ratio listed. 

The dust-to-gas ratio stays approximately constant for 
each comet, except for 2P which shows a distinct decrease on 

2007 August 13 (corresponding with an increase in CN pro- 
duction noted above); however, there seems to be an overall 
increase in the dust-to-gas ratio as a function of heliocen- 
tric distance. This relationship could be due to a wide range 
of relative abundance of refractories among the comets, or 
to different amounts of dust being released with the gas es- 



caping from the surface (jA'Hearn et al.l T1995I ) . The overall 
trend is not dependent on the age or dynamical class of the 
comets. 



5 CONCLUSIONS 

Spectroscopic observations for five comets are reported. 
From these spectra, the gas production rates and produc- 
tion rate ratios have been calculated. There seems to be a 
linearity of the production rate ratios with respect to CN, 
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Table 6. Dust production. 



Comet 


t h (au) 


Aip (cm) (%) 


log(Afp/Q(CN)) (%) 


2P 


1.9114 








1.9221 




-9^ 1 9 (dQ\ 




1.9781 


1 84 f^fi^ 






1.9890 


2 96 


-99 48 fa4.S 


2006 K4 


3.3713 


63.1 (7.1) 


> —22.35 




3.3681 


48 fQ 2") 


> —22.70 




3.3529 


104 (12) 


> —22.02 




3.3500 


79.3 (11) 


> -22.33 




3.3472 


84.8 (12) 


> -22.07 


2006 OF2 


4.7860 


398 (3.5) 


> -23.27 




4.7782 


351 (4.2) 


> -23.28 




4.7382 


643 (5.9) 


> -23.06 




4.7304 


617 (5.5) 


> -23.01 




4.7229 


788 (4.5) 


> -23.14 


2006 VZ13 


1.0175 


6.76 (11) 


-24.97 (11) 




1.0165 


5.80 (16) 


-25.14 (16) 




1.0159 


10.3 (20) 


-25.08 (20) 




1.0166 


9.77 (14) 


-25.12 (14) 


93P 


2.1451 


6.01 (10) 


-23.34 (10) 




2.1059 


12.8 (19) 


-23.36 (19) 



agreeing with past studies ijCochranl 1 19871 : lA'Hearn et alJ 
1 19951 ). There does not seem to be a correlation between the 
production rate ratios and heliocentric distance. By compar- 
ing the spe ctra of comet 2006 VZ13 with those presented in 
iFinkl (|2009l ). it is determined to be a carbon-depleted (Tem- 
pel 1 type) comet. 

The dust production rate and the dust-to-gas ratio are 
also calculated for each comet. The ratio stays relatively 
constant for each comet, except for 2P due to a variability 
in CN production. There seems to be an overall dependence 
on heliocentric distance when considering the comets as a 
group. There is no observed dependence of the dust-to-gas 
ratio on the dynamical age or class of the comets. 
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